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Abstract
　　 Dysphagia patients and the elderly who decline in food intake owing to aging tend to be in the risk of aspiration or 
malnutritional condition, so that the high protein diet suitable for each individual is in need. Soybean is a source of good quality 
vegetable protein supply and Chinese medicine states five grain, rice, barley, millet, corn and beans are essential to maintain our 
lives. Soybean is one of those and we also have taken soybeans since old times in Japan. Soybean protein isolate is the one 
defatted from soybean and the purity of protein is over 85%. The main components of the soybean protein are glycinin and 
conglycinin. Under high pressure the covalent bond of protein in gel formation is hardly cut off. The physical property of 
pressure-induced protein gel is smoother and softer compared to the one induced by heating.
　　 In this study we prepared gels induced by heating or high pressure treatments with soybean protein isolate and measured 
physical properties, analyzed protein components, evaluated sensory tests and investigated the availability of soybean protein 
isolate gels for a dysphagia diet using as one of the food materials of Chinese medicated diets.
　　From the results of the textural properties the hardness of pressure-induced gels was the half value of the heat-induced 
gels. 13 to17% pressure-induced gels were conformed to the diet criteria II of food for special dietary uses for dysphagia patients. 
In the SDS-PAGE patterns the subunit dissociation of 7S and 11S was detected in pressure-induced gels. The pressure-induced 
gels in each concentration were softer, more solid, easier to mash with the tongue than the heat-induced gels in the sensory 
evaluation. Besides the pressure-induced gels were easy to form a bolus and easy to swallow. Therefore it is suggested pressure-
































































































装置（三菱重工業製 ; MFP-7000）を用い、400MPa の静
水圧で20分間加圧した（以下加圧（P）ゲルとする）。
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ンパク質ゲルを10mg ずつ計量し、20mg/ml の Pro-Prep 
Buffer で溶解させ、超音波（Handy Sonic model UR-20P）
処理後、遠心分離（eppendor F Centrifuge; 13000rpm、5 
min、4℃）し、得られた溶液は BCA 法によりタンパク
質濃度を測定した。各試料に、同量の Sample Buffer（0.5 






置（ATTO 製 ; AE-8750型 Power Station 1000XP）で SDS-
 PAGE を行った。濃縮ゲルは、電流40mA、電圧200V の
条件下で１時間30分泳動した。泳動後、CBB（Coomassie 









の SDS Buffer（0.125M Tris-HCl、6.25mM EDTA、12.5％
SDS、pH8.0）で溶解させ、超音波（Handy Sonic model 
UR-20P）処理した。各試料は同量の Sample Buffer（0.5 
M Tris-HCl、2％ SDS、5％ 2-ME、40％ Glycerol、0.02％
BPB、25％ MilliQ）を加え、沸騰水中で３分間加熱し、
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Fig. 1.  Preparation of heat and pressure-induced soybean 





























統計処理については、Statistical Package for Social Science
（SPSS）（16.0J, SPSS Inc., Chicago, USA）を使用し、２試

































を Fig.2. に示した。加熱ゲルでは、13％ゲル0.59×104 
［N/m2］～ 17％ゲル3.40×104［N/m2］であり、加圧ゲルで
 E0×103 E1×104 E2×104 τ1 τ2 η1×105 η2×104 ηn×106 
（Pa） （Pa） （Pa） （sec） （sec） （Pa・s） （Pa・s） （Pa・s） 
H  
17% 18.503 4.243  5.396  10.625 1.469  4.508  7.926  3.195  
16% 10.905 1.540  3.862  9.874  1.842  1.521  7.113  1.312  
15% 7.746  1.335  1.872  10.385 1.642  1.386  3.074  1.230  
P 
17% 6.200  1.913  4.668  10.496 1.732  2.008  8.086  1.288  
16% 4.638  1.062  2.174  9.986  1.758  1.060  3.821  0.665  
15% 4.445  0.692  1.678  10.233 2.055  0.709  3.449  0.531  
H：heat-induced gel，P：pressure-induced gel． 
Measuring conditions：sample height，10mm；plunger，40mm φ；within the linear range of 10%；E0，
elastic modulus of Hookean body；E1，E2，elastic modulus of Voigt body；τ1 ，τ2 ，
relaxation time；η1，η2，viscosity of  Voigt body；ηn，viscosity of  Newtonian body.
Table 1.  The viscoelastic parameters of heat and pressure-induced soybean protein isolate gels
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Fig. 2.   Textural properties of heat and pressure-induced 
　　　  soybean protein isolate gels
H: heat-induced gel; P: pressure-induced gel; Measuring 
condition: plunger, 20mm φ ; deformation rate, 70%; test 
speed, 1.0mm/sec. Mean±SD; n=6; *: significant difference at 















された変数を Fig. 5. に示した。加圧分離大豆タンパク質
ゲルの総合評価への影響度は標準偏回帰係数（β）より、



























グ ロ ブ リ ン、 分 離 大 豆 タ ン パ ク 質 ゲ ル 沈 殿 部 の
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Fig. 3-1.   SDS-PAGE patterns of heat and pressure ‐ induced 
　　　　   7S, 11S globulin and soybean protein isolate gels
Abbreviations are as follows: a, un-treated soybean protein 
isolate; b, heat-induced soybean protein isolate gel; c, pressure-
induced soybean protein isolate gel; d, un-treated 7S globulin; e, 
heat-induced 7S globulin gel; f, pressure-induced 7S globulin 
gel; g, un-treated 11S globulin; h, heat-induced 11S globulin gel; 
i, pressure-induced 11S globulin gel; M, molecular weight 
maker.






















　　Fig. 3-2.   SDS-PAGE patterns of heat and pressure ‐
　　　　　　　 induced soybean protein isolate gels
Abbreviations are as follows: a, supernatant of un-treated 
soybean protein isolate; b, supernatant of the heat-induced 
soybean protein isolate; c, supernatant of the pressure -induced 
soybean protein isolate; d, sediment of un-treated soybean 
protein isolate; e, sediment of the heat-induced soybean protein 
isolate gel; f, sediment of the soybean pressure-induced protein 
isolate gel; M, molecular weight maker.
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β = 0.630 ** 
β = 0.297 ** 
ｒ = 0.376  
ｒ= －0.286  
ｒ=－0.089  
R2 = 0.759  
Overall acceptace 
Easiness to swallow 
Flavor 
Easiness to mash by the tongue
β = 0.440 ** 
Fig. 6.    Sensory evaluation test of pressure-induced soybean protein isolate gels
               Abbreviations are as follows: R2, contribution ratio ; β, standard partial regression 
coefficient; r, correlation coefficient; **, significant difference at p<0.01.
Fig. 4.   Sensory evaluation test of heat and pressure-induced soybean protein isolate gels
H: Heat-induced gel; P: Pressure-induced gel.
Sensory evaluation tests were examined with a five- grade scale in regard to 13% and 15% 
Soybean protein isolate gels. Different letters (a,b,c,d) within the same column show 
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